INTRODUCTION {#s1}
============

Proper mineral nutrition is important for many aspects of beef cattle production, including reproduction ([@CIT0018]; [@CIT0011]; [@CIT0031]), immune response ([@CIT0021]; [@CIT0022]; [@CIT0027]; [@CIT0025]), and structural integrity ([@CIT0014]; [@CIT0013]; [@CIT0033]). These are some of the most important traits in beef cattle management ([@CIT0029]) throughout all stages of life and various aspects of the cattle industry. Adequate mineral levels are not only important to maintain the health of the lactating cow ([@CIT0012]; [@CIT0017]), but also the calf as minerals are transferred through the placenta to the fetus ([@CIT0010]; [@CIT0001]) and through colostrum and milk to the newborn calf ([@CIT0024]). Adequate cow mineral levels are necessary for this transfer to occur. If the transfer does not occur, the newborn calf can become immune compromised, deformed, and exhibit reduced vigor when compared with other calves with an appropriate mineral status ([@CIT0024]). Herd mineral status has the potential to affect the entire sector of cow--calf production.

Selenium has been one of the most widely researched minerals in California. Early selenium studies in California documented deficiencies in as many as 60% of cattle sampled ([@CIT0034]; [@CIT0006]). The following decade, with efforts to supplement selenium in place, [@CIT0004] evaluated a small population of cattle in California as a subset of a large national sampling endeavor that assessed the selenium status of breeding age beef cows. Their results found that less than 10% of Western state cattle fell below adequate selenium levels. Recently, [@CIT0005] found that, when implemented, multiple methods can be successful in correcting selenium deficiency. Although [@CIT0004] sampled only a small subset of California cattle, it may be that beef cattle manager's supplement strategies had successfully corrected the high level of deficiency found in earlier work. This study includes a greater number of California cattle to help further determine the current extent of selenium deficiency.

Though some data exist on selenium, almost no information exists on the status of other minerals in California beef cattle. For example, although manganese deficiency has been linked to subsequent calf deformities and hindered reproductive performance ([@CIT0015]; [@CIT0016]), the mean serum manganese levels in California cattle are unknown. There are no known formal or informal evaluations of the status of manganese. Other common minerals such as zinc and even copper have not been investigated beyond local veterinary screening to diagnose poor animal performance, and this information is not formally documented.

Given the potential consequences of inadequate mineral availability, it is important to understand what deficiencies are occurring in California cattle. This is the first formal survey to address herd mineral status, evaluating multiple minerals, and spanning the breadth of California. Sampling occurred throughout California, from Siskiyou County to Los Angeles County. In a study design encompassing the diversity of California grazing beef cattle production, the results are reported for the current status of selenium, manganese, calcium, copper, iron, magnesium, phosphorus, potassium, sodium, and zinc.

MATERIALS AND METHODS {#s2}
=====================

Herd Selection {#s3}
--------------

Sampling herds were selected with the intent of getting a representation from west to east in each of the four regions that included the high elevation intermountain area of Northern California, the low elevation foothills of Northern California, Central California, and Southern California ([Table 1](#T1){ref-type="table"}). A total of 555 head were sampled from 50 different herds.

###### 

Beef cows and herds sampled in each of the 14 California counties and associated regions

  County          Head/county   Region                                Herds/region   Head/region
  --------------- ------------- ------------------------------------- -------------- -------------
  San Joaquin     40            Central                               12             120
  San Benito      50            Central                                              
  Alameda         30            Central                                              
  Siskiyou        40            Intermountain                         7              70
  Shasta          50/30         Northern foothills/Intermountain^a^   23             230
  Humboldt        30            Northern foothills                                   
  Yuba            10            Northern foothills                                   
  Tehama          90            Northern foothills                                   
  Colusa          20            Northern foothills                                   
  Glenn           30            Northern foothills                                   
  Inyo            10            Southern                              13             135^b^
  Los Angeles     10            Southern                                             
  Ventura         40            Southern                                             
  Santa Barbara   75            Southern                                             
  Total                                                               50             555

^a^The higher elevations of Eastern Shasta County were counted as intermountain.

^b^In Southern California, 73 head were not sampled for manganese due to funding depletion.

For herds to qualify, it was required that they had been on the same forage source and mineral program for at least 4 mo. This often meant that sampling was done toward the end of the season if cattle were moved to different areas for summer and winter pasture. Cooperators provided at least 10 head of breeding age cows or heifers. No calves, steers, or bulls were included in the trial. Cooperators selected the animals to be sampled but were instructed to choose groups that were representative of the ranch as a whole.

Sampling {#s4}
--------

Three samples were collected from each of the 10 animals in all herd locations (one herd had 15). The first was an EDTA whole-blood selenium sample, and the second and third were collected using trace element sodium heparin tubes (BD Vacutainer ref. 368381) to avoid introducing zinc into the sample. All blood samples were collected from the tail vein. The two trace element samples from each animal were centrifuged on site and the serum placed into cryogenic vials. One serum sample would be analyzed for manganese and the other for a standard mineral panel including calcium, copper, iron, magnesium, phosphorus, potassium, sodium, and zinc. Samples were put on ice and shipped overnight the same day of collection to the California Animal Health and Food Safety Lab at UC Davis for testing.

While on site, each cooperator was surveyed to determine the current mineral program, and labels were collected from loose salt supplements. Because it was impossible to quantify consumption, a metric of yes or no was determined based on whether a mineral or salt supplement had been provided to the sampled cattle. Grazing on either irrigated pasture or rain-fed rangeland for the previous 4 mo was documented to determine whether forage source affected cow mineral levels.

Statistical Analysis {#s5}
--------------------

Using Statgraphics ([@CIT0028]), individual models were run for each mineral level with categorical variables of region ([Table 1](#T1){ref-type="table"}), mineral supplementation ([Table 2](#T2){ref-type="table"}), and forage source (irrigated pasture or dryland range; [Table 2](#T2){ref-type="table"}). Mineral supplementation (yes or no) was broken into four different constituents of selenium supplementation (only ran with selenium level), copper supplementation (only run with the copper level), salt supplementation (only run with the sodium level), and broad supplementation (run with all other mineral levels). Selenium supplementation was defined as either a selenium oral bolus given within 1 yr (duration of benefit; [@CIT0020]), a selenium injection given within the previous 45 d (duration of benefit; [@CIT0005]), or a loose salt or liquid supplement containing the equivalent of at least 2 mg/hd/d estimated consumption. Copper supplementation included supplementation programs that had a copper bolus given within a year or a loose salt mix containing at least a 3,000 mg/kg equivalent with a mix designed at a 28 g/d consumption. Salt supplementation included any supplement that provided free-choice salt year round. Broad supplementation was loose salt mixtures that contained a broad spectrum of minerals that were also provided year round. Because criteria was usually met, broad supplement mixes often also qualified as selenium and copper supplements. Where categorical variables were found significant (*P* \< 0.05), Fisher least significant difference test was run to separate means at the 5% level. Pearson product moment correlations were run for all mineral levels to examine whether antagonisms could be found within blood values of minerals.

###### 

Number of cattle in each supplement group and by forage source

        Selenium supplement   Copper supplement   Broad supplement   Salt supplement   Forage source       
  ----- --------------------- ------------------- ------------------ ----------------- ------------------- -----
  Yes   320                   330                 260                350               Range               425
  No    235                   220                 295                205               Irrigated pasture   130

RESULTS {#s6}
=======

Region was significant for selenium (*P* \< 0.01), copper (*P* \< 0.01), zinc (*P* = 0.04), magnesium (*P* = 0.01), calcium (*P* \< 0.01), phosphorus (*P* \< 0.01), iron (*P* \< 0.01), and sodium (*P* \< 0.01), but not for manganese (*P* = 0.86) or potassium (*P* = 0.45). Means and standard errors of mineral levels in each region can be viewed in [Table 3](#T3){ref-type="table"}. Critical mineral levels are noted in [Table 4](#T4){ref-type="table"}.

###### 

Least square means of cow mineral levels by California region

  Region               Selenium, mg/mL   Copper, mg/mL       Zinc, mg/mL        Magnesium, mg/mL   Manganese, ng/mL
  -------------------- ----------------- ------------------- ------------------ ------------------ ------------------
  Intermountain        0.15b^1^          0.99c               0.81a              22.5c              3.26a
  Northern foothills   0.18c             0.98c               0.87b              21.7ab             3.25a
  Central              0.11a             0.92b               0.90b              21.1a              3.64a
  Southern             0.26d             0.78a               0.88ab             21.8bc             2.56a
  Statewide            0.18              0.92                0.87               21.7               3.35
                       Calcium, mg/mL    Phosphorus, mg/mL   Potassium, mg/mL   Iron, mg/mL        Sodium, mg/mL
  LSM                  LSM               LSM                 LSM                LSM                
  Intermountain        101b              55a                 4.9a               1.50b              147d
  Northern foothills   96a               62b                 5.4a               1.40b              142a
  Central              100b              67c                 4.2a               1.30a              145c
  Southern             100b              65bc                4.2a               1.28a              143b
  Statewide            99                62                  4.7                1.36               144

^1^Within a column, means with a similar letter are not significantly different at 95%.

###### 

Percentage of whole-blood and serum samples below adequate levels

                            Intermountain   Northern foothills   Central   Southern   Statewide
  ------------ ------------ --------------- -------------------- --------- ---------- -----------
  Selenium     0.08 mg/mL   3               4                    28        2          12
  Copper       0.8 mg/mL    1               13                   31        55         28
  Zinc         0.8 mg/mL    47              35                   23        40         36
  Magnesium    18 mg/mL     9               3                    11        7          7
  Manganese    6 ng/mL      96              90                   92        97         92
  Calcium      80 mg/mL     0               1                    0         3          2
  Phosphorus   45 mg/mL     23              11                   3         4          9
  Iron         1.3 mg/mL    34              33                   62        65         52
  Potassium    3.9 mg/mL    9               18                   9         18         16
  Sodium       135 mg/mL    0               8                    15        9          10

^1^Adapted from [@CIT0023]; [@CIT0032]; [@CIT0004]; [@CIT0019]; and based on the recommendations of the California Animal Health and Food Safety Lab, UC Davis.

Southern California cattle appeared notably higher in selenium than the rest of the state. Conversely, the same geographic location's copper levels were lower on average than the rest of California. Calcium was highest in the higher elevation intermountain area of Northern California. Conversely, phosphorus was the lowest in this same area. Like phosphorus, zinc was also the lowest in the intermountain area, but low levels of zinc were common statewide. Iron levels were the lowest in Central and Southern California when compared with other regions. Although region was significant for sodium and magnesium levels, the differences were small.

When comparing forage source, irrigated pasture showed higher levels of sodium (least squares meaning \[LSM\] 145 vs. 143; *P* \< 0.01) over dryland range, respectively. Conversely, dryland range shown slightly higher levels of selenium (LSM 0.19 vs. 0.17; *P* \< 0.02), magnesium (LSM 22 vs. 21; *P* \< 0.01), and potassium (LSM 5.9 vs. 3.4; *P* \< 0.01) over irrigated pasture, respectively. Forage source did not affect copper (*P* = 0.28), zinc (*P* = 0.35), manganese (*P* = 0.10), calcium (*P* = 0.30), phosphorus (0.61), or iron (*P* = 0.77) levels.

The addition of a copper supplement significantly increased copper levels (LSM 0.96 vs. 0.88; *P* \< 0.01). Whether a selenium supplement was fed was not significant for whole-blood selenium levels (*P* = 0.05). When a broad (loose salt) mineral was fed year round, significant increases in manganese (LSM 4.7 vs. 2.0; *P* = 0.03), potassium (LSM 5.6 vs. 3.8; *P* = 0.02), and zinc (LSM 0.89 vs. 0.84; *P* = 0.04) were seen compared with nonsupplemented cattle, respectively. This was not true for calcium (*P* = 0.23), phosphorous (*P* = 0.34), iron (*P* = 0.86), or magnesium (*P* = 0.85). The addition of a salt supplement did not significantly affect sodium levels (*P* = 0.18). Sodium deficiency was not common.

Correlations between mineral levels can be seen in [Table 5](#T5){ref-type="table"}. Although some were significant, all mineral levels showed relatively weak correlations between each other. It is unlikely that minerals with antagonistic relationships can be identified using blood sampling.

###### 

Correlations of mineral levels

               Calcium   Copper   Iron     Magnesium   Manganese   Phosphorus   Potassium   Selenium   Sodium   Zinc
  ------------ --------- -------- -------- ----------- ----------- ------------ ----------- ---------- -------- --------
  Calcium                0.23     0.12     −0.01       0.09        0.02         −0.02       −0.24      0.36     0.11
  *P* value              \<0.01   0.01     0.90        0.05        0.62         0.68        \<0.01     \<0.01   0.01
  Copper       0.23               0.02     −0.08       0.13        −0.19        −0.07       −0.12      0.18     0.03
  *P* value    \<0.01             0.74     0.10        \<0.01      \<0.01       0.14        0.01       \<0.01   0.48
  Iron         0.12      0.02              0.22        0.05        0.01         −0.14       0.07       0.08     0.26
  *P* value    0.01      0.74              \<0.01      0.27        0.86         0.00        0.11       0.08     \<0.01
  Magnesium    −0.01     −0.08    0.22                 0.02        −0.13        0.03        0.20       0.05     0.16
  *P* value    0.90      0.10     \<0.01               0.71        0.01         0.55        \<0.01     0.24     \<0.01
  Manganese    0.09      0.13     0.05     0.02                    0.10         −0.02       0.09       −0.03    0.48
  *P* value    0.05      0.00     0.27     0.71                    0.03         0.61        0.05       0.56     \<0.01
  Phosphorus   0.02      −0.19    0.01     −0.13       0.10                     −0.08       −0.04      0.09     0.22
  *P* value    0.62      \<0.01   0.86     0.01        0.03                     0.07        0.43       0.05     \<0.01
  Potassium    −0.02     −0.07    −0.14    0.03        −0.02       −0.08                    0.24       −0.26    0.01
  *P* value    0.68      0.14     \<0.01   0.55        0.61        0.07                     \<0.01     \<0.01   0.77
  Selenium     −0.24     −0.12    0.07     0.20        0.09        −0.04        0.24                   −0.19    0.12
  *P* value    \<0.01    0.01     0.11     \<0.01      0.05        0.43         \<0.01                 \<0.01   0.01
  Sodium       0.36      0.18     0.08     0.05        −0.03       0.09         −0.26       −0.19               0.08
  *P* value    \<0.01    \<0.01   0.08     0.24        0.56        0.05         \<0.01      \<0.01              0.09
  Zinc         0.11      0.03     0.26     0.16        0.48        0.22         0.01        0.12       0.08     
  *P* value    0.01      0.48     \<0.01   \<0.01      \<0.01      \<0.01       0.77        0.01       0.09     

DISCUSSION {#s7}
==========

This study evaluated herd mineral levels across California. There is potential bias in that managers with an interest to participate may have higher than average concern with their herd mineral program. These could be the managers who had subsequently put more thought and effort into supplementation. However, there were a number of herds without a mineral program included as well. The data reflect a large sample size across the state that provides the most up to date look at serum and whole-blood mineral levels available. In addition, deficiencies in most minerals existed ([Table 4](#T4){ref-type="table"}).

Likely the least California surveyed mineral in the panel was manganese. Very little was previously known about the extent of deficiency in California beef cattle. This was one of the few minerals that did not vary based on region. Serum manganese was uniquely constant across the state.

[@CIT0019] states marginal levels are between 5 and 6 ng/mL, and adequate levels should exceed 6 ng/mL. If this is a correct target, adequate levels were roughly attained by only 8% ([Table 4](#T4){ref-type="table"}) of California cattle.

One trial found skeletal deformities in calves were only noted when serum levels dropped below 2.5 ng/mL ([@CIT0016]). Although they did not quantify the effects of manganese on reproduction, which is important ([@CIT0015]), it may hint that critical serum levels may not need to exceed 6 ng/mL. [Table 6](#T6){ref-type="table"} depicts the percentage of cattle by region and state that would be deficient by intervals starting from 6 ng/mL and lowering to 2.5 ng/mL. Although the percentage of deficient cattle drops by 40% if critical levels were only required to be 2.5 ng/mL, still 52% of cattle would be considered deficient. Cattle in the trial were not tracked to determine subsequent breeding interval or potential calf deformities. It was beyond the scope of this survey to quantify all the other production aspects that would affect these metrics.

###### 

Percentage of manganese serum levels below potentially differing critical levels

        Intermountain   Northern foothills   Central   Southern   Statewide
  ----- --------------- -------------------- --------- ---------- -----------
  6     96              90                   92        97         92
  5     94              85                   86        97         88
  3.5   81              69                   76        95         77
  2.5   40              42                   58        74         52

Fortunately, manganese appears to be a mineral that can be influenced by supplementation. The uniform geographic nature of the serum levels may have improved the statistical significance of supplementation. Nevertheless, least square mean values show nearly two and a half times higher manganese levels in supplemented cattle. This is encouraging because it demonstrates that although this mineral is potentially widely deficient around the state, supplementation can help alleviate deficiency. More research into the potential production changes, such as conception intervals and rates, would be valuable in assessing the economic relevance and potential need for manganese supplementation in California.

Copper levels were probably elevated over what might be seen with liver samples. It has been shown that liver levels must be depleted before blood results will reflect a lowering of copper ([@CIT0007]; [@CIT0002]; [@CIT0030]). Adequate serum copper levels may not accurately reflect the true copper status of the cow. To minimize false adequate readings, sampled cattle (within herd) were on the same mineral program and forage source for a minimum of 4 mo. Some additional bias in high copper serum levels may exist because serum levels rise during late pregnancy ([@CIT0035]). Because nearly all herds were sampled prior to the third trimester this potential bias is likely very small. At the least 28% of cattle statewide falling below the adequate level is probably a best-case scenario ([Table 4](#T4){ref-type="table"}), with the highest concern being the central and southern portion of the state. These areas should carefully consider supplementation strategies that can increase copper levels.

Low zinc levels can lead to poor performance and health of both cows and calves ([@CIT0008]). All geographic regions had relatively high numbers of cattle that fell below an adequate level (23% to 47%; [Table 4](#T4){ref-type="table"}). Nearly half of the cattle sampled in the intermountain area were deficient. As with manganese and copper, supplementation appears to significantly elevate serum levels. Further research into zinc supplementation strategies would be useful in California.

Although iron appeared lower than guidelines in many samples, it is uncertain if there are any associated health problems that result. Baring extreme deficiency, lower levels may be beneficial as excessive levels in the diet can antagonize copper and lead to increased incidences of infection ([@CIT0026]). [@CIT0026] also stated that high parasite loads may cause low iron levels, though this was not investigated in the present study. Calcium, phosphorus, magnesium, and iron levels were not influenced by supplementation. This was surprising because magnesium supplementation was common to alleviate grass tetany concerns. The deficiencies in calcium and phosphorus were not severe, and although regional differences existed, it appeared forage diets were generally adequate for both these macro minerals in most cases. Multiple geographic areas could lessen mineral supplementation cost by not including phosphorus ([@CIT0003]). Unlike dairy cattle that commonly experience milk fever due to calcium deficiency ([@CIT0009]), deficiency was rare in the California beef cattle sampled regardless of geographic area. Although less than 20% potassium deficiency existed, if low potassium levels are detected, it appears possible to see a response to supplementation.

Of all the minerals tested, selenium differences were the most dramatic by geographic region. Southern California selenium levels were nearly double that of the average of all other regions, even though almost no cattle were supplemented ([Table 3](#T3){ref-type="table"}). Thus, supplementation in the southern region does not seem warranted. Other areas appear more difficult to define and even statistically bring out the effects of supplementation. It appears that deficiency can be localized even within our defined geographic areas. Cooperators seemed to understand where deficient areas existed and were taking steps to supplement where needed. This was particularly apparent where in many cases a selenium bolus was the only supplementation program implemented. The amount of deficiency in this survey was very similar to [@CIT0004] and much lower than previous work. Though it still exists, education efforts appear successful in managing the majority of selenium deficiency in California.

This survey provides a broad overview of California beef cattle mineral levels. There is a need for further research to help define critical levels for interpretation. Clearly defined critical levels are difficult to obtain, and even those presented here could be debated. Most mineral supplementation research in California has been devoted to selenium, but given the relatively low deficiency rates compared with zinc and manganese, shifting efforts to investigating these minerals would be prudent. Even though there is necessary work to be done on further developing critical levels, this survey reports the most up to date look at the current mineral blood levels throughout California.
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